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.Proposed International Unit of Candle Power. 263 
Table D contains the absolute values for the viscosity of 
water  at 5 degree intervals from 0 ~ C. to 100 ~ C. as deter-  
mined from the whole of my exper iments on water.  The 
TABLE D. - -Abso lu te  Viscosity of Water .  
Temperature. 
0 ~ C. 
5 
]0 
15 
2O 
25 
3O 
35 
4O 
45 
5O 
55 
6O 
65 
7O 
75 
80 
85 
90 
95 
100 
Absolute 
Viscosity. 
(Hosking) 
"017928 
'01522 
"013105 
"01142 
"01006 
"008926 
Viscosity 
(Computed). 
(by formula) 
"017928(1) 
'015218 
*013107 
'011422 
.010055 
'008926(2) 
Thorpe & 
Rodger's 
Values. 
"01778 
"01512 
"01303 
"01138 
"01004 
"00893 
9 00800 "00801 
"00724 "00723 
9 00657 "00657 
"00600 "00600 
9 OO55O0 '00550 
"OO508 "00508 
9 00169 "00470 
9 00436 "00436 
"00406 '00406 
"00380 "00380 
9 0O356 '00356 
9 00335 '00336 
-00316 "00317 
9 00300 "00300 
9 00284 "00284 
"09799 
"00721 
'00655 
'00597 
(3) "00548 
"00506 
'00468 
"00436 
"O0405 
(4) -00'379 
-00355 
"00334 
"00316 
"00299 
"00283 
values computed by formulae are also given, as well as Thorpe 
and Rodger 's  values, which are in close agreement  with 
mine, except at the lowest temperatures.  I consider that my 
values are correct as far as the last f igure given in each 
case. 
XXXIV .  The .Proposed International Unit of Candle .Power. 
By CLIFFORD C. PATERSOZ~ *
(F rom the Nat ional  Phys ica l  Laboratory . )  
T Iz[E intercompar ison of l ight  units between the Nat ional  or other standardiz ing Laborator ies of Amer ica,  F rance,  
Germany,  and Great  Br i ta in has been proceeding at intervals 
since 1905. 
The values which have been obtained for tile ratios between 
the differen~ units are now found to be in sufficiently close 
accord to warrant  the establ ishment of a work ing  basis of 
9 Communicated by the Physical Society, read June 11~ 1909. 
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264 Mr. C. C. Paterson on the ProTosed 
agreement between this country, America, and France in 
the matter of a common unit of Candle Power. 
The writer has been conducting the photometric measure- 
ments connected with the work, in this country, and it is the 
intention in this paper to give the results of the comparisons 
which have been made, and to explain briefly those facts 
connected with the different standards concerned which have 
a bearing on the agreement which has been reached. 
The possibility of agreement between the British and 
French units was demonstrated by Dr. Glazebrook in a 
paper on light standards read before the B.A. at Dublin in 
1908". The chief factor in the present movement has been 
the desire of the authorities in the United States to establish 
one unit for both Gas and Electrical industries in that 
country, and the possibility of their adopting a unit which 
should be identical with those existing in Great Britain and 
France led them to take the initiative in an attempt to obtain 
international cooperation. The agreement which has resulted 
has the approval of the Metropolitan Gas Referees and now 
forms the subject of an announcement which is reproduced 
on page 273. 
It is not necessary for the purpose of this paper to enter 
into a detailed escription of the various tandard lamps and 
units referred to in the memorandum. Dr. J. A. Fleming 
discussed the question of light standards very fully in his 
paper before the Inst. of Elect. Engineers, vol. 32, to which 
reference should be madet. Some facts, however, con- 
nected with the units in question have a more especial 
bearing on the experimental results, and should be borne 
in mind in connexion with the table of ratios given on 
pages 270, 271. 
1he British Unit . - -As defined in the above-mentioned 
recommendation, the unit of Candle Power in this country is 
the Harcourt 10 C.P. Pentane Lamp burning in an atmo- 
sphere at normal barometric pressure and containing 8 litres 
of water-vapour per cubic metre as measured by a ventilated 
hygrometer. 
A difficulty arises in the use of all flame standards in con- 
nexion with the method to be employed for measuring the 
humidity. When flame lamps are burning in a closed room it 
is well known that their candle power diminishes, due probably 
to the vitiation of the air in the immediate neighbourhood 
B.A. Report, 1908, Dublin, ~The Photometric Standard of the 
National Physical Laboratory" ; also ' Journal of Gas Lighting,' 
vol. 103~ 1908, p. 713. 
t See also paper by the author, Jo ~rn. Inst. Elect. Eng. vol. xxxvlii. 
p. 271. 
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International Unit of Candle Power. 265 
of the flame *. Two standards will not necessarily diminish 
in Candle Power at the same rate, and it is therefore neces- 
sary to take readings after the air of the room has been 
changed and before the C.P. of the lamps has had time 
to be affected. The method of measuring humidity must 
therefore be a rapid one~ and it is now generally agreed that 
from considerations of accuracy and quickness of reading 
the ventilated hygrometer is the best instrument to use t. 
In the German and French comparisons this has been 
used, but in the English comparisons (as reported to the 
Photometric Commission meeting in Zurich in 1907) the 
unventilated hygrometer was employed ~, and in the tables 
published in the proceedings of the Commission the author's 
results are given in terms of humidity measured by this 
instrument. The ratios tabulated in the present paper are 
corrected so as to be in terms of the ventilated hygrometer. 
In each case values are taken [or the humidity at which each 
lamp, in the country where it forms the standard, is con- 
sidered to give its nominal Candle Power. 
The Unit of the United States of America.--In the initial 
adoption of a unit of Candle Power the United States of 
America endeavonred to make its value as nearly as possible 
the same as that accepted at the time in this countryw 
This was before Prof. Vernon Harcourt and the metropolitan 
Gas Referees (London) had established the 10 Candle Pentane 
Lamp on the present definite basis. 
The American Inst. of Electrical Engineers recommended 
the derivation of their unit from the Hefner Lamp by in- 
creasing its value in the ratio of 0"88 to 1. This seemed at 
the time, from different observers' work, to be the most 
probable ratio between the l-Iefner and British units. The 
gas industry in America, however, did not follow this course 
but developed their unit along the lines of the 10 Candle 
Pentane Lamp II. The result is that there has been, up 
to now, an appreciable difference between the units adopted 
in the two industries in that country. The Illuminating 
Report Amer. Gas inst., "Methods of taking C.P. of Gas," Ilium. 
Eng. 1909, p. 203. 
t Proc. Roy. Soc. Edinburgh, vol. xliii., 1905 ; also "Zur kenntniss des 
Ventilierten Psychrometers," Akademische Abhandlung der Fakultat 
der Universitat zu Upsala, by Aron Svensson, 1898. 
1: See B.A. Report, Dublin, 1908. 
e~ Bulletin of the Bureau of Standards, vol. iii., no. 1, p. 65 ; Report to 
th American Gas Institute on "A Unit of Light," Journal of Gas 
Lighting, vol. 104, 1908, p. 426. 
II "The Working Standards of Light and their Use in the Photometry 
of Gas," Ch. O. Bond, 17ranklin I st. 1908. 
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266 Mr. C. C. Paterson on t]~e _Proposed 
Engineering Society and other bodies took the matter up 
energetically~ and the Bureau of Standards, Washington, 
now has the support of the leading institutions in America, 
in defining the value of a common standard, to be accepted 
throughout he States. This Institution has ascertained by 
means of electric intercomparisons the ratio of their present 
unit to those of Germany, France, and Great Britain respec- 
tively *, and has arranged to adjust the value of the American 
unit as already indicated. 
German Unit . - -The unit accepted in Germany is the light 
given by the ttefner Lamp burning in an atmosphere at 
normal barometric pressure and containing 8"8 litres of water 
vapour per cubic metre. The researches of Liebenthal t at 
the Reichsanstalt on the Hefner Lamp and the variation of 
its C.P. with atmospheric change were the earliest systematic 
experiments undertaken of this nature and are too well known 
to require more than passing mention. 
French Unit . - -The Candle Power Unit adopted by the 
Electrical Industry in France is the Bougie Decimale. This 
is the 20th part of the light given out by a sq. cm. of 
platinum at the temperature of solidification. The unit was 
suggested by M. Violle and adopted by the Congr~s Inter- 
national des Electriciens in 1881. 
This standard has been found very difficult to reproduce 
and the French authorities till use the Carcel lamp, burning 
colza oil, as the standard for all photometric work. 
A determination of the value of the Carcel lamp in terms 
of the u platinum standard has only been made once. 
This was by M. Violle himself in 1884 $. Measurements 
were made by him using two or three photometric methods, 
and all his values except one showed the bougie decimal to 
be a little less than 4 per cent. greater than the Carcel unit. 
A multiplying factor of 1"04 for the Carcel unit was 
therefore given by him, and has been adopted ever since for 
reducing tile values in terms of one standard to those of the 
other. As no account was taken by M. u of the pressure 
and humidity of the atmosphere in which the Carcel lamp 
was burning, the accepted figure of 1"04 must be regarded 
as liable to a certain inaccuracy due to this cause. It should 
be remarked, also w that no correcting factor has as yet been 
determined for the variations in the C.P. of the Carcel lamp 
" Ref. cir. 
t " Zeitschrift fiir Instrumentenkunde," vol. xv. 1895, p. 157. 
:t S~ances ofthe French Physical Soc, May to July, 1884. 
w "Rapport de Trois Lamps," Laporte & Jouaust, B ll. Soc. Inst. des 
Elect. 2nd s~rie, tome vi. no. 58. 
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International Unit of Candle _Power. 267 
due to atmospheric changes, ttence, in the table given later 
on in the paper a correcting factor has had to be assumed in 
cases where the Carcel lamp is corrected for a difference of 
humidity. 
Acc~tracy of Cornparisons.--It is well to explain in giving 
the results of experiments hat different limits of accuracy 
must be attributed to photometric measurements of different 
types of standards. 
It is usual in giving photometric results to write down the 
fourth figure, but even in the most favourable circumstances 
this must be written small and the value considered liable to 
an error of d- or --0"1 per cent. In the case of the best 
comparisons of electric sub-standards this inaccuracy should 
not be occasioned by imperfection i  the bench or photo- 
meter head nor yet to the electrical measurements, but must 
be attributed, in the author's opinion, chiefly to want of 
constancy in the individual who is making the photometric 
observations. 
In some of the comparisons which are tabulated the 
electrical measurements are probably not so accurate as in 
others. The fuller appreciation, however, of the exact values 
of the national and international electrical units which as 
recently resulted from the labours of the International Con- 
ference, makes it possible now to attain an accuracy which 
leaves nothing to be desired from this point of view. 
As matters tand now, undoubtedly the photometric com- 
parisons in which the highest precision is atLainable are 
those between properly seasoned electric glow-lamps of the 
same coloured light. With a potentiometer which is accurate 
to one part in 10,000 and a substitution method of photo- 
metric comparison* on a bench which can be read to 
0"5 mm., an accuracy is attainable with a set of good sub- 
standards in which the fourth figure is almost definite. 
When, on the other hand, comparisons are made against 
or between flame standards, the probable inaccuracy is 
greater. 
How much the inaccuracy is must depend largely on the 
flame adjustments and the consistent behaviour of the 
standard in question. It also depends upon the accuracy 
of measurement of atmospheric conditions and the precise 
knowledge which we have of their effect on the light of the 
standard lamps. 
It follows from this that a relatively large number of 
observations must be made, when using a flame standard, 
See Photometry of Electric Lamps, by Dr. J. A. Fleming, M.A.~ 
F.R.S, Joum. Inst. Elect. Eng. vol. xxxii, p. 144. 
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268 Mr. C. C. Paterson on the Proposed 
if the same order of accuracy is to be attained that is possible 
with a much smaller number of electric omparisons. It must 
further be remembered when considering the question of 
photometric measurements to two or three parts in a thousand 
that the estimation of the height of the flame in some lamps, 
or the exact reproduction of the standard condition% may 
not be identical when carried out by different observers. 
Hence it is conceivable that owing to this cause the observa- 
tions in one laboratory on some flame standard may differ 
consistently by a small amount from those in another on the 
same standard. This, however, is not the case when electric 
sub-standard comparisons are made if the electrical measuring 
apparatus is accurate. To a certain extent, therefore (in 
some cases more than others), a flame standard needs to be 
"interpreted" when its absolute value is desired to a high 
accuracy. 
The value of electric sub-standards comparisons thus 
becomes apparent. If (as is generally the case) a Laboratory 
has sets of electric sub-standards which have been compared 
at intervals for years with the primary flame standard whose 
value they represent, an opportunity is given for realising 
the absolute value of this unit to an accuracy which could 
hardly be attained with certainty by others who might 
endeavour to reproduce it in a single set of observations, 
however carefully made. When these electric sub-standards 
are intercompared through the medium of a travelling set of 
lamps, there is no reason why we should not obtain accurate 
knowledge of the relative values of the different units as 
each is interpreted in the country where it is the recognized 
standard. 
The ratios between the four units of light given in the 
Table are the results of measurements which have been made 
at the specified laboratories in the four countries concerned. 
Other determinations were made previous to these*, but the 
standards used for obtaining the British Unit were of several 
different forms and the atmospheric onditions have not 
always been taken into consideration. I have deemed it 
desirable, therefore, to insert only the more recent deter- 
minations, in all of which the 10 Candle Harcourt Pentane 
Lamp has been used and atmospheric hanges have been 
allowed for. 
The Table is divided into two portions. Columns 1 to 9 
give the various ratios obtained through the medium of 
* For a discussion of these, see J. A. Fleming, "The Photometry of
Electric Lamps," ref. cit. 
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International Unit of Candle Power. 269 
electric lamps which have been measured at some or all 
of the laboratories. These have been chiefly initiated by the 
Americans, who have from time to time sent sets of lamps 
to Europe to have values assigned in London, Paris, and 
Berlin. It is not suggested that all the results given in the 
Table should receive equal weight. In some of the electric 
comparisons the conditions allowed of a greater accuracy 
than in others, when fewer lamps were employed and 
time only allowed a single set of measurements o be 
made. 
Columns I0, 117 and 12 contain the values which resulted 
from the intercomparison of flame-standards undertaken at 
each of the laboratories. These were initiated by the Inter- 
national Com~nission on Photometry and gave a set of ratios 
which brought the knowledge of the relative values of the 
candle power units to within an accuracy of about -F or --1 
per cent. As in the case of the electric comparisons, the 
conditions in some cases probably allowed of a higher 
accuracy than in others--but the results of all the measure- 
ments have been tabulated in order that the bearing may be 
seen of each on the agreement which has been established. 
The first series of ratios (columns 1 to 9) may therefore 
be regarded as representing the ratios of the standards as 
they are interpreted in the countries to which they belong, 
whilst in the second series we have the interpretation of the 
values of the standard lamps by experimenters who are not 
so accustomed to their manipulation. 
Lines marked A B, C, give the values of the standards in 
terms of the Pentane unit. D, E, F, give them in terms 
of the I-Iefner and similarly other sets are in terms of the 
Bougie Decimale and the Bureau of Standards Candle. 
Without going into detailed comments upon the experi- 
ments from which each ratio in the table is derived it will 
suffice to say that as far as the electric lamp comparisons are 
concerned, greatest stress should be laid on the results in 
columns 4 and 7. This is partly on account of the large 
number of lamps employed, and also because of the more 
prolonged measurements made. Line J illustrates the high 
accuracy it is possible to secure in comparisons of this 
nature. 
In the certification of glow-lamps in terms of the Hefner 
Unit the Reichsanstalt only give candle-power values to the 
nearest one per cent. I f  the average of 10 or 12 lamps is 
taken the error thus introduced is probably not great, but 
when the number in small, appreciable inaccuracies may be 
introduced into the mean, and the rather low value obtained 
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270 Mr. C. C. Paterson on the t~roposed 
TABLE gici~tg deter,~i~atiol~s f the Ratws of 
Pentane ~- British. Bougie Decimale ---- French. 
~LECTRIC  
COLUM~ ............ ~ 3 .  6- 
Tests eonducled by ~11 S ~ d e  ~' La~rtelLapgr-.te' 
Number of Lamps ........ [
Pentane Unit 
:Bougie Deeimale 
Pentane Unit 
:Bur. of Standards 
Pentane Unit 
Pentane Unit 
D ]=[efner 
Bougie Deeimale 
]-Iefner 
]]ur. of Standards 
Hefner 
~ 
Pentane Unit 
Bougie Decimale 
Hefner 
Bougie Declmale 
:Bur. of Standards 
Bougie Decimale 
O O $ 9 
Pent~ne Unit 
Bur. of Standards . . . .  
Hefner 
Bur. of Standards 
Bougie Deeimale 
:Bur. of Standards 
0.8j 9 
0.980 
Pentane values corrected to a humidiSy of 
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International Unit of Candle-Power. 
2Vational Candle 2~ower Units from 1903 to 1908. 
Hefnor = German. Bureau of Standards= U.S.A. 
271 
(~O?,[p/~RI  SO/qS.  
7. 8. 9. 
n 
Rosa, ]~osa, Laporte, 
1908. 1908. 1908. 
Spring. Autumn. 
12 6 11 
0"896 
J 
1-008 1"008 
1'015 1"016 . . . .  
1"116 . . . .  
1"124 . . . .  
1"131 . . . .  
i 
0"992 0-992 
0"89 o 
1"006 . . . . . . . .  
0"985 0-984 . . . .  
! 
i 
0-884 . . . .  
:D IRECt2  CO5[  P A 1~,1S 01*gS. 
10. 11. 12. 
Paterson. Liebenthal. 
13.  
Photometrio 
@ommission, 
Zmich,* 
1907. 
0"902 
1"008 
1"109 
1"118 
0"992 
0"894 
Perot 
& 
Laporte. 
0"902 0"904 0"921 
i 
1-009 F 1.009 1-019 
1"109 1"106 1"086 
1"118 1"116 1"117 
0-991 0-991 0"981 
0"894 0"895 0"895 
0"994 . . . .  
8 litres of water vapour per cubic metre of air. 
4 t 0 O 
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272 ~g[r. C. C. Paterson on the Proposed 
by Fleming in 1905 may be attributed to the fact that only 
3 lamps were tested ~ 
As regards the ilame-lamp comparisons, it will be noticed 
that Perot and Laporte (Column 12) found a value for their 
l~entane lamp which was appreciably lower than that 
obtained by other observers. Except for this difference the 
agreement between the ratios is fairly close. The ex- 
ceptionally close agreement shown ill columns 10, 11, and 12 
for the ratio Beagle Dec./Hefner can only be attributed to a 
coincidence, since in the experiments from which two of the 
three-ratios were determined the observations varied between 
3 and 4 per cent. from the mean. 
The chief point of interest in these comparisons is the 
near coincidence of the value of the Beagle Decimale with 
that of the Pentane unit as indicated by lines B and G. An 
inspection of these values indicates that the Bougie Decimale, 
as interpreted by the Laboratoire Central, may be slightly 
larger than the Pentane unit--but the amount is less than 
1 per cent. When we remember that, at present, the value 
of the Bougie Decimale depends on the interpretation of the 
C, arcel lamp and the ratio between it and the platinum unit, 
determined by Violle in 1884, it must be admitted that this 
small apparent difference is well within the limits of the 
errors of experiment. 
The second point to notice is the difference of 1"6 per cent. 
between the units of the Bureau of Standards and the 
~Tational Physical Laboratory. It is generally recognized 1-
that the unit at present adopted by the Gas interests in the 
States is about 4 per cent. smaller than the Bureau of 
Standards unit. It will then be seen that by lowering the 
value of their unit by 1"6 per cent. the Bureau comes into 
exact agreement with t is country and approximately halves 
the difference between the units employed by the Gas and 
Electrical industries in the States. 
A further point of interest and importance which results 
from the comparisons (see line A in the table) is that the 
tIefner unit is in the ratio 9/10 to the new candle. The 
French authorities have for some time taken the ratio 
tIefner/Bougie Dec. as 0"895. It is of interest, therefore, 
to see from lines A and I-I how nearly the value for the 
ttefner unit in terms of both Pentane and Beagle Dec. units 
* See Journ. Inst. Elect. Eng. vol. xxxviii, p. 311: Discussion by 
Dr. Fleming of the Author's paper on "Investigation ofLight Standards 
etc. ~ 
? Report of Committee on Nomenclature and Standards~ Annual 
Cony. Ilium. Eng. Soc. Oct. 5, 1908, Dr. A. C. tIumphreys. 
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Internatio,tal LSdt of Candle Power. 273 
approaches the figure 0"90. The mean of all the ratios 
Hefner/Pentane comes to 0"90o and those of Hefner/Bougie 
Dee. to 0'89~, so that although the comparisons between the 
Pentane and Bougie Decimale units indicate a difference of 
0"8 per cent., the same units compared through the Hefner 
Standard only appear to differ by 0"5 per cent. 
The author's acknowledgments are due to Dr. R. T. 
Glazebrook, F.R.S., Director of the National Physical 
Laboratory. 
APPENDIX. 
Copy of Announcement made in France, America, and Great 
Britain, relative to the 2oroposed International Unit of JLight. 
In order to determine as accurately as possible the relations 
between the photometric units of America, France, Germany, 
and Great Britain, comparisons have been made at different 
times during the past few years at the Bureau of Standards, 
Washington ; at the Laboratoire Central d'Electricite, Paris ; 
at the Physikalisch-Technisehe Reichsanstalt~ Berlin: and at 
the National Physical Laboratory, London. 
The unit of light at the Bureau of Standards has been 
maintained through the medium of a series of incandescent 
electric lamps, the values of which were originally intended 
to be in agreement with the British unit, being made 
100/88 times the Hefner unit. 
The unit of light at the Laboratoire Central is the bougie 
decimale, which is the twentieth part of the standard efined 
by the International Conference on Units of 1884, and which 
is taken, in accordance with the experiments of Violle, as 
0"10~ of the Carcel amp. 
The unit of light at the Physikalisch-Technische Reichs- 
anstalt is that given by the He/her lamp burning at normal 
barometric pressure (76 cm.) in an atmosphere containing 
8"8 litres of water-vapour per cubic metre. 
The unit of light at the National Physical Lahoratory is 
that given by the 10 candle power Harcourt Pentane lamp 
burning at normal barometric pressure (76 cm.) in an 
atmosphere containing 8 litres of water-vapour per cubic 
metre. 
In addition to the direct intercomparison f flame standards 
carried out recently by the national aboratories in Europe, 
one comparison was made in 1906 and two in 1908 between 
the American and European units by means of carefully 
seasoned carbon filament electric standards, and as a result 
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27~ Proposed International Unit of Candle Power. 
of all tile comparisons, the following relationships are 
established between the above units. 
The Pentane unit has the same value within the errors of 
experiment as the hongie decimale. It is 1"6 per cent. less 
than the standard candle of the United States of America, 
and 11 per cent. greater than the Hefner unit. 
In order to come into agreement with Great Britain and 
France, the Bureau of Standards of America proposed to 
reduce its standard candle by 1"6 per cent. provided that 
France and Great Britain would unite with America in 
maintaining the common value constant, and with the 
approval of other countries would call it the International 
Candle. The 5Iational Physical Laboratory, London, and 
the Laboratoire Central d'Electricit6, Paris, have agreed to 
adopt this proposal in respect o the photometric standardiza- 
tion which they undertake, and the date agreed upon ibr the 
adoption of the cmmnon unit and the change of unit in 
America is April 1, 1909. 
The following simple relations will therefore hold after 
that date : 
Proposed New Unit = 1 Pentane Candle. 
= 1 Bougie Decimale. 
= 1 American Candle. 
= 1"11 I-Iefner Unit. 
= 0"104 Carcel Unit. 
Therefore 1 Hefner Unit = 0'90 of the proposed unit. 
The Pentane and other photometric standards in use in 
America will hereafter be standardized by the Bureau of 
Standards in terms of the new unit. This, within the limits 
of experimental error, will bring the photometric units for 
both gas and electrical industries in America and Great 
Britain and for the electrical industry in France to a single 
value, and the l-Iefner unit will be in the simple ratio of 
9/10 to this international unit. 
The proposal to call the common unit of light to be main- 
tained jointly by the national standardizing laboratories of 
America, France, and Great Britain, the "International 
Candle" has been submitted to the International Electro- 
technical Commission, and through it to all the countries of 
the world which are represented on that Commission. 
It is to hoped that such general approval will be secured, 
and that in the near future the term "International Candle" 
for the new unit will have official international sanction. 
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